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ABSTRACT

A cellular telecommunications terminal having a full-duplex
mode of operation and a half-duplex mode of operation,
including a first cellular transmitter and a first cellular
receiver operable, when the terminal 1s 1n the full-duplex
mode, to transmit and receive at the same time and operable,
when the terminal 1s 1n the half-duplex mode, to transmit and
recetve at different times and not at the same time; and a

switching control for changing the mode of operation of the
terminal while operating in the full-duplex mode from the

tull-duplex mode to the hali-duplex mode.

22 Claims, 2 Drawing Sheets
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TERMINAL HAVING A VARIABLE DUPLEX
CAPABILITY

FIELD OF THE INVENTION

Embodiments of the present invention relate to a cellular
telecommunications terminal. In particular, they relate to ter-
minals having different duplex capabilities.

BACKGROUND TO THE INVENTION

It 1s known to have cellular telecommunications terminals
that operate 1n a half-duplex mode 1.e. they do not transmit
and receive at the same time. An example of such a terminal
1s a GSM mobile telephone and some GPRS mobile tele-
phones.

It 1s known to have cellular telecommunications terminals
that operate 1n a full-duplex mode 1.e. they transmit and
receive at the same time. An example of such a terminal 1s a
high-end GPRS mobile telephone and a WCDMA mobile
telephone.

A dual mode telephone may therefore change its duplex
capability by switching from a GSM mode of operation to a
WCDMA mode of operation. The RF circuitry and antennas
used for respectively operating in the GSM mode and
WCDMA mode will typically be different and separate.

A key component of a full-duplex terminal 1s a duplexer
which connects the transmitter and receiver to the antenna
and prevents the symbols transmitted by the transmitter inter-
tering with the symbols received by the receiver. Duplexers
are expensive, consume power and have a large volume. It
would therefore be desirable to reduce the use of duplexers or
to use cheaper, less power hungry and smaller duplexers.

Currently duplexers are designed to provide enough 1sola-
tion between the receiver and transmitter when the transmaitter
1s operating at maximum power. If this constraint were
relaxed, it may be possible to use cheaper, less power hungry
and smaller duplexers.

There 1s a current trend towards the use of multiple anten-
nas within a terminal. These antennas each have their own
associated channels or may diversily a channel. However, the
addition of multiple antennas typically also requires the use
of multiple duplexers to 1solate every recerver branch from
every transmitter branch. It would be desirable to provide for
the use of multiple antennas without the use of a duplexer at
cach antenna.

BRIEF DESCRIPTION OF THE INVENTION

According to one embodiment of the mvention there 1s
provided a cellular telecommunications terminal having a
tull-duplex mode of operation and a half-duplex mode of
operation, comprising: a first cellular transmitter and a first
cellular receiver operable, when the terminal 1s 1n the full-
duplex mode, to transmit and recerve at the same time and
operable, when the terminal 1s 1n the half-duplex mode, to
transmit and recerve at different times and not at the same
time; and a switching control for changing the mode of opera-
tion of the terminal while operating in the full-duplex mode
from the full-duplex mode to the half-duplex mode.

The switching control may also change the mode of opera-
tion of the terminal while operating 1n the halt-duplex mode
from the halt-duplex mode to the full-duplex mode.

The terminal may consequently either operate at 1ts full
capability 1.e. 1n full-duplex mode or at a reduced capability
1.e. half-duplex mode. The switch between modes may, for
example, occur when the duplexer separating the first trans-
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mitter and the first receiver reaches its 1solation limit. This
may, for example, be detected by detecting the self-interfer-
ence at the first recerver from the first transmitter or by detect-
ing the power of transmission from the first transmaitter.

The ability of the terminal to operate at ditferent duplex
capabilities allows the network to allocate resources accord-
ing to those capabilities. The terminal may inform the net-
work of 1ts current duplex capabilities

The network further offers any terminal, with any defined
duplex capability, resources to efficiently operate 1n the net-
work. The terminal may, but need not, be able to switch its
duplex capability, but it shall be able to uniquely signal 1ts
duplex capability.

According to another embodiment of the invention there 1s
provided a cellular telecommunications terminal having a
tull-duplex mode of operation and a half-duplex mode of
operation, comprising: a plurality of cellular transmitters and
receivers; and a controller for controlling at least one of the
transmitters to transmit a capability message indicating the
duplex capability of each of multiple antennas.

The terminal may have a fixed duplex capability or 1t may
have a variable duplex capabaility. If the duplex capability 1s
variable, then the capability message may indicate the current
capability of the terminal.

According to another embodiment of the invention there 1s
provided a cellular telecommunications network element
comprising: a controller arranged to use a recerved capability
message mdicating the current duplex capability of each of
multiple antennas, of a terminal to allocate resources in the
network.

According to another embodiment of the invention there 1s
provided a cellular telecommunications terminal having a
tull-capability mode of operation in which at least one
antenna 1s capable of full-duplex operation and a reduced-
capability mode of operation 1n which the at least one antenna
1s capable of halt-duplex operation, the terminal comprising:
a plurality of cellular transmitters and recervers; and a con-
troller for controlling at least one of the transmuitters to trans-
mit a capability message indicating the reduced-capability
mode of operation.

According to another embodiment of the invention there 1s
provided a cellular telecommunications network element
comprising: a controller arranged to use a recerved capability
message indicating the reduced-capability mode of operation
to allocate resources 1n the network.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention refer-
ence will now be made by way of example only to the accom-
panying drawings 1n which:

FIG. 1 illustrates a cellular telecommunications system 1
including a cellular telecommunications network 2 and a
plurality of cellular telecommunication terminals 10A, 10B,
10C;

FIG. 2 illustrates a full-duplex capable cellular telecom-
munications terminal;

FIG. 3 1llustrates a message exchange between the terminal
10 and the network 2; and

FIG. 4 schematically illustrates a full-duplex capable,
multi-antenna terminal 10’

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

FIG. 1 1llustrates a cellular telecommunications system 1
including a cellular telecommunications network 2 and a
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plurality of cellular telecommunication terminals 10A, 10B,
10C. Each cell 4 of the network 1s served by a base station 6
and the base stations are controlled by core network elements
8.

One of the cellular telecommunications terminals may be
half-duplex capable. The halit-duplex capable terminal com-
prises a lirst cellular transmitter for transmitting 1n a first
transmission Irequency band, a first cellular receiver for
receiving 1n a first reception frequency band, different to the
first transmission frequency band. The half-duplex terminal
does not include any duplexer.

At least one of the cellular telecommunications terminals
10 1s full-duplex capable. The full-duplex capable terminal 10
1s schematically illustrated 1n FIG. 2. It comprises a first
cellular transmitter 21 for transmitting 1n a first transmission
frequency band, a first cellular recerver 31 for receiving 1n a
first reception frequency band, different to the first transmis-
s1on frequency band, and a duplexer 41 joiming the first cel-
lular transmitter 21 and first cellular receiver 31 to a first
antenna 31. In other embodiments, the duplexer may, instead
of being placed where the Rx path and Tx path join the
antenna, 1t may be placed 1n either the Rx path or the Tx path.

The terminal 10 has a full-duplex mode of operation in
which the first cellular transmaitter 21 transmits symbols from
the first antenna 51 and the first cellular recerver 31 simulta-
neously recetves symbols via the first antenna 51. The 1sola-
tion provided by the duplexer 41 prevents the transmitted
symbols interfering with the received symbols 1.e. prevents
self-interference.

The terminal 10 has a half-duplex mode of operation in
which transmission and reception occurs at different times
and not at the same time. The first cellular transmitter 21
transmits symbols from the first antenna 31 at first times and
the first cellular recerver 31 recerves symbols via the first
antenna 51 at second times, different to the first times.

The terminal 10 additionally comprises a controller 12.
The controller 12 provides a switching control 14 and signal-
ling control 16.

Switching control 14 changes the mode of operation of the
terminal 10. When the terminal 1s operating 1n the full-duplex
mode, the switching control 14 can change the operation
mode from the full-duplex mode to the hali-duplex mode.
When the terminal 10 1s operating 1n the half-duplex mode,
the switching control 14 can change the operational mode
from the half-duplex mode to the full-duplex mode.

The trigger for the switching control 14 may be provided
by any one of a number of different means.

In one embodiment, a signal recerved from the network 2
via recerver 31 functions as the trigger.

In another embodiment, the trigger 1s the connection of the
device 10 to another device such as a docking station with
external antennas or improved power supply eftc.

In another embodiment, self-interference detection per-
formed at the terminal 10 tunctions as the trigger. The inter-
terence 1n the symbols received at the first cellular recetver 1s
detected. The received signal strength indicator (RSSI), the
received signal-to-1nterference ratio (SIR ), the recerved inter-
terence power, the bit error rate (BER), the frame error rate
(FER) etc may be used as a measure of interference. A mea-
sure of sell mterference may, for example, be obtained by
measuring interference power when the transmitter 1s on and
measuring interference power when the transmuitter 1s off. The
change 1n operational mode to haltf-duplex mode 1s triggered
when the detected (sell) interference exceeds a first predeter-
mined interference threshold. The change in operational
mode back to full-duplex mode 1s triggered when the detected
(sell) interference falls beneath a second predetermined inter-
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terence threshold. The first and second thresholds may be
different (bi-stability) or the same. Crossing a threshold may
involve timing constraints to avoid too frequent change of
modes.

In another embodiment, the power output of the cellular
transmitter 21 functions as the trigger. The change in opera-
tional mode to half-duplex mode 1s triggered when the power
output exceeds a first predetermined power threshold. The
change 1n operational mode back to full-duplex mode 1s trig-
gered when the power output falls beneath a second prede-
termined power threshold, which is typically the same as the
first predetermined threshold but may be difierent. The power
threshold may be dependent upon the characteristics of the
duplexer. In one example, the predetermined power threshold
1s chosen so that the 1solation provided by the duplexer 41
between the first cellular transmitter 21 and first cellular
receiver 31 1s adequate while the power output of the first
transmitter 21 does not exceed the predetermined threshold
and 1s inadequate when the power output of the first transmut-
ter 21 exceeds the predetermined threshold.

In a preferred embodiment, the switching control 14 1s not
immediately responsive to a trigger but first exchanges mes-
sages with the network 2 before making the change 1n opera-
tional mode as illustrated 1n FIG. 3.

In response to a trigger, the signalling control 16 of the
controller 12 controls the first transmitter 21 to send a request
message 71 to the network 2. The request message 71 1den-
tifies the new operational mode and may be sent as a capabil-
ity information message.

I1 the first receiver 31 of the terminal 10 receives a reply
message 72 from the network 2, the switching control 14
changes 73 the operational mode of the terminal. The switch
may optionally be delayed until further confirmation of the
switch 1s received from the network 2.

The messages 71, 72 may be discrete messages or may be
included as Information elements 1n some other messages.
The network 2 changes the resource allocation 74 to take
account of the change 1n mode of the terminal 10. For
example, if the terminal 10 were 1n full-duplex mode there 1s
no constraint upon when the terminal 10 1s expected to trans-
mit to the network 2 and 1s transmitted to by the network 2.
However, 11 the mode of the terminal 10 1s changed to hali-
duplex, then transmissions to the terminal and transmissions
from the terminal are constrained so that they do not coincide.
The constraint 1s such that enough guard time 1s left between
transmission and reception at the terminal 10. Network 2 also
has to reserve proper measurement intervals for terminal 10 to
measure carriers on other frequencies, carriers on other fre-
quency bands or carriers of other systems, so that the mea-
surement ntervals do not coincide with terminal transmis-
s1ons to the network 2 nor transmissions by the network 2 to
terminal 10.

A full-duplex capable, multi-antenna terminal 10" 1s sche-
matically 1llustrated 1n FIG. 4. It comprises the same compo-
nents as described with reference to FIG. 2 but additionally
comprises a second cellular transmitter 22, a second cellular
receiver 32 and a switch element 51 joining the second cel-
lular transmuitter 22 and the second cellular recerver 32 to a
second antenna 52. The first and second transmitters operate
on the same carrier frequency. The first and second recervers
operate on the same carrier frequency. The carrier frequency
of the transmitters 1s separate from the carrier frequency of
the recervers. In some examples, the carrier frequency of the
transmitters may be the same as the carrier frequency of the
receivers, 1f proper constraints are respected for transmission
and reception. In some examples, the first and second trans-

mitters may operate on separate carrier frequencies or on
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carriers on separate frequency bands. Respectively, the first
and second receiver may operate on separate carrier frequen-
cies or on carriers on separate frequency bands.

The terminal 10' may only use one of 1ts first and second
transmitters and operate 1n a single mput to uplink (SI-u)
mode. The SI-u mode may be either a Single Input Single
Output (SISO) mode, 11 the base station has a single recerver
antenna or a Single Input Multiple Output (SIMO) mode, 1f
the base station has more than one recerver antenna.

The terminal 10" may use both of 1ts first and second trans-
mitters and operate in a multiple mnput to uplink (MI-u) mode,
The MI-umode may be either a Multiple Input Single Output
(MISO) mode, 11 the base station has a single receiver antenna
or a Multiple Input Multiple Output (MIMO) mode, if the
base station has more than one receiver antenna.

The terminal 10' may use one of its first and second receiv-
ers and operate 1n a single output from downlink (SO-d)
mode. The SO-d mode may be either a SISO mode, 1f the base
station has a single transmitter antenna or a MISO mode, 11 the
base station has more than one transmit antennas.

The terminal 10" may use both of 1ts first and second rece1v-
ers and operate 1n a multiple output from downlink (MO-d)
mode. The MO-d mode may be either a SIMO mode if the
base station has a single transmitter antenna or a MIMO mode
if the base station has more than one transmitter antenna.

The terminal 10' may operate as a single input uplink (SI-u)
terminal by using only one of the transmitters 21, 22 and as a
single output downlink (SO-u) terminal by using only one of
the recervers 31, 32. For example, 1f only the first transmitter
21 and first receiver 31 are used, then the terminal 10' may
operate as either a full-duplex or half-duplex SISO terminal.
IT only the second transmitter 22 and the second receiver 32
are used, then the terminal 10" may operate as only a hali-
duplex SISO terminal.

The terminal 10" may operate as a multiple iput single
output (MISO) terminal by using both of the transmitters 21,
22 (MI-u) and only one of the recervers 31, 32 (SO-d). It the
receiver used 1s the first recerver 31, then the terminal 10' may
operate as either a full-duplex or halt-duplex (MISO) termi-
nal 10'. If the recetver used 1s the second receiver 32, then the
terminal 10' may operate as only a half duplex (MISO) ter-
minal 10'.

The terminal 10' may operate as a single input multiple
output (SIMO) terminal by using one of the transmitters 21,
22 (SI-u) and both of the receivers 31, 32 (MO-d). If the
transmitter used 1s the first transmitter 21, then the terminal
10" may operate as either a full-duplex or half duplex (SIMO)
terminal 10'. If the transmitter used 1s the second transmitter
22, then the terminal 10' may operate as only a half duplex
(SIMO) terminal 10'.

The terminal 10" may operate as a multiple input multiple
output (MIMO) terminal by using both of the transmutters 21,
22 (Ml-u) and both of the receivers 31, 32 (MO-d). The
terminal 10" may operate as only a half duplex MIMO termi-
nal. If the switch 61 were replaced by a duplexer, terminal 10’
may operate as a full-duplex MIMO terminal instead. It the
duplexer 41 were originally replaced by a switch, terminal 10’
may operate as only a half duplex terminal.

It will therefore be appreciated that the use of a switch
clement 61 instead of a duplexer 41 between the second
transmitter 22 and the second receiver 32, constrains some of
the multi-antenna modes of the terminal 10' to half-duplex
modes, whereas i a duplexer were used there would be an
option of using either half-duplex or full-duplex modes. How-
ever, the reduction 1n the number of duplexers has significant
advantages. Duplexers are expensive, consume power and
occupy a large volume. These disadvantages become particu-
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larly problematic in multi-antenna terminals. Consequently
the terminal 10' may be cheaper, smaller and more efficient
than conventional multi-antenna terminals that use only
duplexers.

The capability of the terminal 10' namely that only hali-
duplex 1s available for some combinations of the SI-u and
MI-u modes with the SO-d and MO-d modes needs to be
communicated to the network so that 1t can be taken mto
account in network resource allocation.

The signalling control 16 of the controller 12 controls the
first transmitter 21 to send a message 71 to the network 2. The
message indicates duplex capability for each mode combina-
tion (SISO, SIMO, MISO, MIMO). The message may for
example, indicate for each antenna of the terminal 10,
whether an antenna 1s associated with a transmitter and
receiver that are full-duplex capable or a transmitter and
receiver that are not full-duplex capable. The message may be
extended to indicate whether an antenna 1s associated with a
transmitter only or a recerver only. The message 71 may be a
discrete message or may be included as Information elements
in some other message.

The terminal 10' may switch between full-duplex mode
and half-duplex mode on a transition from using a single
antenna to using multiple antennas or on any transition

between multi-antenna configurations from SISO to SIMO,
MISO or MIMO, from SIMO to SISO, MISO or MIMO, from

MISO to SISO, SIMO or MIMO or from MIMO to SISO,
SIMO or MISO.

Even when the terminal 1s capable of operating at full-
duplex e.g. during MIMO modes (SISO, SIMO, MISO,
MIMO), the terminal 10 may instead operate with reduced
capabilities e.g. half-duplex within its set of full capabilities.
A decision to operate with reduced capabilities may be made
by the terminal 10' or the network. If it 1s made by the termi-
nal, 1t needs to be communicated to the network. A convenient
way ol communicating 1s to send a new message 71 to the

network 2 that identifies the reduced capabilities of the ter-
minal 10' e.g. halt-duplex at SISO, half-duplex at SIMO,

half-duplex at MISO or hali-duplex at MIMO.

The terminal 10" 1s able to switch between full-capabilities
(e.g. Tull-duplex mode) and reduced capabilities (e.g. hali-
duplex mode). Switching control 14 changes the operational
capabilities of the terminal 10'. When the terminal 10' 1s
operating in the full-duplex mode, the switching control 14
can change the operational mode from the full-duplex mode
to the halt-duplex mode. When the terminal 10 1s operating in
the half-duplex mode, the switching control 14 can change
the operational mode from the half-duplex mode to the full-
duplex mode (if possible).

The trigger for the switching control 14 may be provided
by any one of a number of different means.

In one embodiment, a signal recerved from the network 2
via the transmitter 21, 22 functions as the trigger.

In another embodiment, the trigger 1s the connection of the
device 10 to another device such as a docking station with
external antennas or improved power supply etc.

In another embodiment, self-interference detection per-
formed at the terminal 10 functions as the trigger. While one
receiver 31, 32 is used to recerve symbols the other receiver
32, 31 1s used to measure interference. A measure of self
interference may be obtained by measuring interierence
when the transmitter 1s on and measuring interference when
the transmitter 1s oif. The change in operational mode to
half-duplex mode 1s triggered when the detected (self) inter-
ference exceeds a first predetermined interference threshold.
The change 1n operational mode back to full-duplex mode 1s
triggered when the detected (self) interference falls beneath a
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second predetermined interference threshold. The first and
second thresholds may be different (bi-stability) or the same.
Crossing a threshold may involve timing constraints to avoid
too frequent change of modes.

In another embodiment, the power output of the cellular
transmitter 21 functions as the trigger. The change in opera-
tional mode to half-duplex mode 1s triggered when the power
output exceeds a first predetermined power threshold. The
change 1n operational mode back to full-duplex mode 1s trig-
gered when the power output falls beneath a second prede-
termined power threshold, which is typically the same as the
first predetermined threshold but may be different. Crossing a
threshold may involve timing constraints to avoid too fre-
quent change of modes. The power threshold may be depen-
dent upon the characteristics of the duplexer 41.

The use of the power output or self-interference as the
trigger 1s useful for a reduced tull-duplex capability 1mple-
mentation. In this implementation, the device 1s capable of
operating 1n full-duplex mode unless one of the transmuit
power or seli-interference exceeds their respective predeter-
mined thresholds. The predetermined power threshold 1s cho-
sen so that the 1solation provided by the duplexer 41 between
the first cellular transmitter 21 and first cellular receiver 31 1s
adequate while the power output of the first transmitter 21
does not exceed the predetermined threshold and 1s 1nad-
equate when the power output of the first transmitter 21
exceeds the predetermined threshold.

In a full-duplex implementation, the duplexer 1s capable of
operating across the whole power and signal-to-noise ratio
range of values.

It should be appreciated that in the foregoing, the full-
duplex and half-duplex modes of operation are different
modes of the same mobile telephone mode. That 1s the same
FDD communication protocol is used in the full-duplex and
half-duplex modes of operation.

Although embodiments of the present invention have been
described 1n the preceding paragraphs with reference to vari-
ous examples, i1t should be appreciated that modifications to
the examples given can be made without departing from the
scope of the 1nvention as claimed.

We claim:

1. An apparatus, comprising:

a first cellular transmitter configured to operate with at

least one carrier frequency, and

a first cellular receiver, wherein the first cellular transmaitter
and the first cellular recerver are configured, when the
apparatus 1s 1 a full-duplex mode, to transmit and
receive at the same time and configured, when the appa-
ratus 1s 1n a half-duplex mode, to transmit and recerve at
different times and not at the same time;

a signalling control configured to control the first cellular
transmuitter to transmit a capability information message
to a cellular telecommunications network using a radio
frequency signal, the capability information message
comprising information identitying to the cellular tele-
communications network whether full-duplex mode
operation or half-duplex mode operation of the appara-
tus 1s available for the at least one carner frequency; and

a switching control configured to change the mode of
operation of the apparatus, from operating 1n the full-
duplex mode to operating in the half-duplex mode or
from operating in the half-duplex mode to operating 1n
the full-duplex mode 1n response to at least one trigger
condition,

wherein the at least one trigger condition comprises recerv-
ing a signal from the cellular telecommunications net-
work; and
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wherein the switching control 1s responsive to interference

detected at the first cellular receiver, and a change 1n

operational mode to half-duplex mode occurs when the
detected interference exceeds a threshold.

2. The apparatus as claimed in claim 1, wherein the first

cellular transmitter uses a first antenna and first cellular

receiver uses the same first antenna.

3. The apparatus as claimed 1n claim 1, wherein the switch-
ing control configured to be responsive to a power output of
the first cellular transmitter, and configured to change the
operational mode of the apparatus, from the full-duplex mode
to the halt-duplex mode, when the power output exceeds a
power threshold.

4. The apparatus as claimed 1n claim 3, further comprising,
a duplexer joining the first cellular transmitter and first cel-
lular rece1ver to the first antenna element, wherein 1solation 1s
provided by the duplexer between the first cellular transmaitter
and first cellular receiver, wherein the isolation 1s adequate
while the power output of the first transmitter does not exceed
the power threshold, and the 1solation 1s inadequate when the
power output of the first cellular transmitter exceeds the
power threshold.

5. The apparatus as claimed 1n claim 1, further comprising:
a second cellular transmitter, suitable for use 1n a mobile
cellular telecommunications terminal, and a second cellular
recerver, suitable for use 1n a mobile telecommunications
terminal.

6. The apparatus as claimed 1n claim 5, wherein the switch-
ing control i1s configured to be responsive to interference
detected using the second cellular recerver, and configured to
change the operational mode of the apparatus, from the full-
duplex mode to the half-duplex mode, when the detected
interference exceeds a threshold.

7. The apparatus as claimed 1n claim 5, wherein the switch-
ing control 1s configured to be responsive to a power output of
the second cellular transmitter, and configured to change the
operational mode of the apparatus, from the full-duplex mode
to the half-duplex mode, when the power output of the second
cellular transmitter exceeds a threshold.

8. The apparatus as claimed 1n claim 5, wherein the hali-
duplex mode 1s one of:

a) transmission from a single antenna without simulta-

neous reception at the single antenna;

b) simultaneous transmissions from a {irst antenna and a
second antenna without simultaneous reception at the
first or second antenna; and

¢) simultaneous reception at a first antenna and a second
antenna without simultaneous transmission from the
first or second antenna.

9. The apparatus as claimed in claim 5, wherein the full

duplex mode 1s one of:

a) transmission from a single antenna with simultaneous
reception at the single antenna;

b) simultaneous transmissions from a first antenna and a
second antenna with simultaneous reception at the first
or second antenna;

¢) simultaneous receptions at a first antenna and a second
antenna with simultaneous transmission from the first or
second antenna; and

d) simultaneous receptions at a first antenna and a second
antenna with simultaneous transmissions from the first
and second antennas.

10. The apparatus as claimed 1n claim 3, comprising a
switching element joining the second cellular transmaitter and
second cellular receiver to a second antenna element, and
wherein the full-duplex mode 1s one of:
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a) transmission from the first antenna element with simul-
taneous reception at the first antenna element;

b) simultaneous transmissions from the first antenna ele-
ment and the second antenna element with simultaneous
reception at the first antenna element but hot at the
second antenna element; and

¢) simultaneous reception at the first antenna element and
the second antenna element with simultaneous transmis-
ston from the first antenna element but not from the
second antenna element.

11. The apparatus as claimed 1n claim 5, further comprising
the signalling control configured to control the sending of a
capability message indicating a reduced-duplex-capability of
the apparatus.

12. The apparatus as claimed 1n claim 1, wherein the capa-
bility message indicates the duplex capability of multiple
antennas.

13. The apparatus as claimed 1n claim 1, wherein the first
cellular transmaitter and the first cellular receiver are config-
ured to use a {irst communication protocol while the appara-
tus 1s 1n the full-duplex mode, and configured to continue to
use the first communication protocol after the switching con-
trol has changed the apparatus from being 1n the full-duplex
mode to being the half-duplex mode.

14. The apparatus as claimed 1n claim 1, wherein the at
least one trigger condition 1s one of a self-interference detec-
tion level at the apparatus, a transmit power level of the first
cellular transmitter, a transition 1n antenna configuration or a
change of connection state of the apparatus to another appa-
ratus.

15. An apparatus comprising:

a plurality of cellular transmitters and receivers, where
cach cellular transmitter 1s configured to operate with at
least one carrier frequency;

a controller configured to control at least one of the cellular
transmuitters to transmit a capability message to a cellular
telecommunications network using a radio frequency
signal, the capability message comprising information
indicating to a cellular telecommunications network
whether full-duplex mode operation or half-duplex
mode operation of the apparatus 1s available for at least
one carrier frequency; and

a switching conftrol configured to change the mode of
operation of the apparatus, from operating in the full-
duplex mode to operating in the half-duplex mode or
from operating in the half-duplex mode to operating 1n
the full-duplex mode 1n response to at least one trigger
condition; wherein the switching control 1s responsive to
interference detected by at least one of the cellular
receivers, and a change 1n operational mode to hali-
duplex mode occurs when the detected interference
exceeds a threshold.

16. The apparatus as claimed in claim 15, wherein a duplex
capability of an antenna may change and wherein the control-
ler 1s configured to control at least one of the transmitters to
transmit an updated capability message in response to such a
change.

17. The apparatus as claimed 1n claim 16, wherein the
duplex capability of an antenna changes as a result of high
self-interference measurements.

18. The apparatus as claimed 1n claim 16, wherein the
duplex capability of an antenna changes as a result of high
transmission power measurements.

19. An apparatus, comprising:

a controller configured to:

use a capability message received as a radio frequency
signal from a mobile cellular telecommunications ter-
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minal, wherein the capability message indicates whether
tull-duplex mode operation or halt-duplex mode opera-
tion of the mobile cellular telecommunications terminal
1s available for at least one carrier frequency that can be
transmitted by the mobile cellular telecommunications
terminal;

allocate resources 1n the cellular telecommunications net-

work according to the received capability message; and

change the mode of operation of the apparatus, from oper-

ating 1n the full-duplex mode to operating 1n the hali-
duplex mode or from operating 1n the half-duplex mode
to operating 1n the full-duplex mode 1n response to at
least one trigger condition; wherein the controller 1s
responsive to interference detected by the mobile cellu-
lar telecommunications terminal, and a change in opera-
tional mode to half-duplex mode occurs when the
detected interference exceeds a threshold.

20. An apparatus comprising:
at least one cellular transmitter and at least one cellular

receiver, said at least one cellular transmitter configured
to operate with at least one carrier frequency; and

a controller configured to transmit a capability message to

a cellular telecommunications network using a radio
frequency signal, the capability message comprising at
least one information element contained within the
capability message that indicates to the cellular telecom-
munications network whether one of full-duplex mode
operation or halt-duplex mode operation of the appara-
tus 1s available for at least one carrier frequency; the
controller also configured to change the mode of opera-
tion of the apparatus from operating in the full-duplex
mode to operating 1n the half-duplex mode or from oper-
ating 1n the half-duplex mode to operating in the full-
duplex mode 1n response to at least one trigger condi-
tion; wherein the controller i1s responsive to interference
detected by the at least one cellular receiver, and a
change 1n operational mode to half-duplex mode occurs
when the detected interference exceeds a threshold.

21. An apparatus, comprising:
a controller configured to use a capability message

received as a radio frequency signal from a mobile cel-
lular telecommunications terminal, the capability mes-
sage comprising at least one iformation element that
indicates whether one of full-duplex mode operation or
half-duplex mode operation of the mobile cellular tele-
communications terminal 1s available for at least one
carrier Irequency that can be transmitted by-the mobile
cellular telecommunications terminal; and

allocate resources in the network according to the received

capability message;

wherein the controller 1s configured to change the mode of

operation of the apparatus, from operating in the full-
duplex mode to operating in the half-duplex mode or
from operating in the half-duplex mode to operating 1n
the full-duplex mode in response to at least one trigger
condition; wherein the controller 1s responsive to inter-
ference detected by the mobile cellular telecommunica-
tions terminal, and a change in operational mode to
half-duplex mode occurs when the detected interference
exceeds a threshold.

22. A method, comprising:
controlling an apparatus comprising a plurality of cellular

transmitters and receivers, where each cellular transmait-
ter 1s configured to operate with at least one carrier
frequency and where said apparatus 1s configurable to
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operate 1n one of at least a single nput, single output
(SISO) mode or a multiple input, multiple output
(MIMO) mode;

transmitting a capability message to a cellular telecommu-
nications network, the capability message comprising at 5
least one information element that indicates whether one
of full-duplex mode operation or half-duplex mode
operation 1s available for at least one carrier frequency;
and

responsive to interference detected by at least one recerver 10
of the plurality of cellular transmitters and recervers, a
change 1n operational mode to halt-duplex mode occurs
when the detected interference exceeds a threshold.
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